Infestation, with Particular Reference to Hydatid Cysts of the Brain by Harvey Jackson FRCS (National Hospital, London) The subject of this Presidential Address is chosen with a sense of humility for it cannot be said that infestation abounds in this country, in so far as we are aware. This applies as a whole to the zoonosesthose diseases and infections which are naturally transmitted between animals and man.
That any one person residing in this country could claim extensive experience of such maladies based entirely on local contacts is more than unlikely. Nowadays, with the ease and speed of travel, one may be afforded opportunities of observing material from foreign parts and it is on this account that I feel justified in recounting some of my personal experiences, limited though they may be. So many problems arise that one can only touch upon the fringe of the subject here. That we are not more fully conversant with these disorders is deplorable and at times can be disastrous. Whensoever I encounter the AEsculapian symbol, I wonder if the serpent is an appropriate decoration and worthy of its continued dedication.
Parasites may be classified into three groups: (1) Predatorial, those which attack and destroy the host. (2) Commensal, creatures that live and share with the host. (3) Symbiotic, where the host benefits by their presence.
Worms and Worms
In my earlier years a worm was considered to be but a simple form of living animal, destined to take part in the pre-medical course of biology. Although one was somewhat loath to handle the squirming creature, one gained an impression of its harmlessness, and ordinarily of its sad fate at the disposal of predatory birds. At that time, little did one suspect that horrifying and calamitous disorders could be determined from such a source.
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President's Address Later on, one reached the stage of clinical instruction when one came across the occasional patient admitted to a medical ward in order that he could be delivered of a tapeworm (Tania solium or Tania saginata). Now one begins to appreciate that even a worm will turn. In this paper I wish to refer specifically to a few selected worms of predatory nature.
Threadworms
Oxyuris vermicularis: The commonest worm to be encountered generally in the human is the threadworm. In certain institutions, indeed, it is said to occur in a large percentage of the inmates. It continues to hold interest in a number of very different yet disquieting states: in cases of pruritus ani, as a cause of enuresis in children, or as an inhabitant of the appendix where it can give rise to appendicular colic. It may be briefed even as the agent in the induction of so-called reflex convulsive or epileptiform states. Ascaris lumbricoides: Other roundworms, too, apart from oxyuris, can inhabit the bowel. Their strange capacity for negotiating natural channels such as the bile ducts is one of those causes to be cited when considering the possible aetiology of obstructive jaundice. But it was on my first visit to the Middle East that I came face to face with children suffering from acute intestinal obstruction due to the impaction of a writhing cluster of roundworms.
One sometimes meets with roundworms in residents of this country for, from time to time, a patient vomiting after an azusthetic may produce a specimen.
Warning the nursing staff.-Nowadays I take it as a duty to warn the nursing staff to keep an eye on patients from certain countries lest parasites should escape unnoticed. A timely warning about handling articles such as vomit bowls, or bedpans, so polluted, without the most careful hygiene and thorough cleansirg of the hands, may well prevent contamination by unsuspected ova.
Misdiagnosis
Nevertheless, it is not only in persons from abroad that one may anticipate the existence of parasites or parasitic disorders. In fact I have had to deal with a patient from the East End of London with a parasitic cyst in the latissimus dorsi, and patients from the Midlands and South Wales afflicted by hydatid cyst of the brain. Unusual cases need not originate in disorders not ordinarily known to us, but there are times when it is easy to be misled by circumstances.
A year or two ago, I was asked to see a native of West Africa who had conglomerate masses of nodules in both triceps. He denied having had any treatment by injection or otherwise. At operation a lobulated mass, like a matted collection of small grapes, was exposed. The mass consisted of fibrosis surrounding collections of a greasy substance that proved to be penicillin in oil! Prevalence ofInfestation Nature seems to decree that all forms of life shall be subject to infestation in one form or another. In the words of Fielder (1935):
'Big fleas have little fleas to plague, perplex and bite 'em Little fleas have lesser fleas and so, ad infinitum.' By implication perhaps meat from domesticated animals is the source of all evil, but this is surely not so, for birds, fish, reptiles, snails and other living creatures all sustain their selective brands. No form of flesh is secure of pests.
Distribution ofLesions
What seems to me especially intriguing is the preference for, or deposition of, certain parasites in particular tissues.
It appears that most circulating parasites are subject to death and dissolution within the blood stream or the body tissues. Some explanation must determine the selected sites or anchorages where parasites lodge. Presumably some local physical or chemical agent favours establishment, possibly the available electrolytes or other vital prerequisites.
Again, what inducement or stimulus enables the guinea worm (Dracunculus medinensis) to emerge from dependent parts of the limbs, breast or scrotum in its approach towards the ground. Ninety per cent are directed to the legs and feet. What is the process termed 'geotropism' by which they are drawn towards the earth ?
The general public are to some extent versed in infestation in cats and dogs, so that people will on their own initiative treat pets with worming cakes or tablets. Chicken farmers, too, are concerned where their birds acquire coccidiosis and accordingly the space on which birds roam is changed at intervals. Nevertheless, the public are little concerned with the chances of picking up some sickness of serious consequence from intimate association with domestic pets.
That puppy worms can be a salient source of blindness is something to which attention has been drawn comparatively recently: by the Americans because of their experiences with certain island communities (Costa Rica) (Heiner & Kevy 1956), and in this country by Professor Norman Ashton (1960) and others of the Institute of Ophthalmology, in their study of choroidoretinitis in children of British and other nationalities. Indeed, it was in response to the publications of Ashton that the following comment appeared in the editorial column of the British Medical Journal of February 17, 1962:
'It is somewhat surprising to find that anything so gross as a worm can still remain to be discovered as a cause of human disease.'
What is so appalling is our ignorance of the possible transmission in the egg or larval phase of various living organisms.
The presence of parasites can go undetected even where they are to be expected. I have referred to colleagues, expert in tropical diseases, patients for whom investigations in their own countries had proved unrewarding, yet amezbiasis or amoebic cysts have been detected here.
Reproductive Qualities
The reproductive potentialities of worms are almost incredible. Perhaps this could be expected, for we are well aware of how nature provides for the widespread extinction of the very elements of reproduction: millions of seeds are produced by plants and trees, yet relatively very few gain access to unimpeded implantation and development. How ghastly could the effects be were the million or so eggs produced each day by one worm (i.e. Diphyllobothrium latum) to reach maturity and fruitful destination.
Further, tapeworms and flukes are nearly all hermaphrodites; therefore there is no doubt that their potentialities in fertilization and reproduction would abound if circumstances were right. Roundworms are very different in that they are not self-sufficient and live in pairs, the male being a smaller and less significant member of the association.
Dimensions
One may think of worms as creatures of restricted dimensions. Some parasites are small, others are of surprising length. In some species, such as the echinococcus, 6-9 mm is the norm; others, such as the Tania saginata and the Diphyllobothrium latum are twenty or thirty feet long. Roundworms do not attain anything like this magnitude but even then some may be eight inches long.
Duration ofLife
The duration of life in these creatures is most variable. Whereas a tapeworm can live in the human for six to eight months, the schistosoma, which causes bilharzia, has a life span of up to twenty-five years. During the vital phase of some larvae, no local reaction seems to take place whereas, with the death of the larva, clinical manifestations ensue, e.g. the inception of epilepsy in the presence of cysticercosis.
There are, however, yet more practical implications of this presentation to be considered.
PARASITES AND EPILEPSY
Relief from epilepsy is ever a source of interest to neurologists. Differentiation between the 'symptomatic' and the 'idiopathic' types is essential. Where infestation could play its part it is important that the precipitating agent should not go undetected.
British troops used to serve a considerable time in India, and tapeworm infestation was no rare occurrence amongst our men. The train of circumstances -Army, India, epilepsyrequired the exclusion, or otherwise, of cysticercosis. This was not only a question of determining the nature of the precipitant agent from the point of view of treatment; it proved also that the epilepsy was what is known as an 'accepted disability' in the terms of the Ministry of Pensions, and entitled a man to a disability pension.
Although in the earlier phases subcutaneous larva give rise to foci of induration, at the stage when the men arrived in this country for investigation usually no such patches could be discerned. In fact, the larve can live for five years before dying and possibly calcifying, so there may be a considerable period of delay between the known infestation with tapeworm and the start of epilepsy.
It is a most important diagnostic feature that calcification within the degenerating cysts should be verified. The muscles of the body most commonly infested should be X-rayed; the loins and thighs are most suitable (Fig 1) . Rarely is it possible to demonstrate the presence of calcified cysts within the brain, partly owing to the fact that the cerebral lesions calcify later than those in muscle; moreover, the density of the normal calvarium veils their presence.
In addition to Service cases, cerebral cysticercosis appears occasionally in civilians in this country. In Spain, however, cysticercosis is only too common.
The following case of recurrent meningitis caused much concern in diagnosis, and therefore in treatment:
Case History
The subject of the disorder was an Egyptian woman, 28 years of age. Eighteen months after an illness that was looked upon as an acute frontal sinusitis she developed a frank meningitis. In the intercurrent period she had been prone to recurrent bouts of headache. Treatment by sulphonamides and penicillin did not resolve the meningeal reaction, and this failure led to the suspicion that the condition might be tuberculous; a guinea-pig was injected with her cerebrospinal fluid, and anti-tuberculous treatment instituted. She developed a VI nerve palsy and a right hemiparesis; she became more drowsy, and a mild papillcedema followed. Angiography at this stage failed to indicate any displacement of the cerebral vascular tree, thus excluding abscess.
The CSF was tested on several occasions and showed a moderate pleocytosis; polymorphs were prominent, and eosinophils numbered 4%, 12%, and 7 % over the period of two months.
She was transferred to this country. Further angiography revealed no new development. Electroencephalography had proved valueless in Egypt, and a repeat of the examination was without significance. Blood cultures were negative.
The recurrent bouts of meningitis, and the fact that the patient had a history of erythema nodosum, with ulceration of the labia and in her mouth, led to a suspicion of Behret's syndrome as the cause. A course of steroids was given.
Air encephalography provided no additional data but an exacerbation of the meningitis occurred. Again improvement took place, so that a return to Egypt was encouraged.
After a few months she deteriorated, became very drowsy, almost completely hemiplegic, and developed some dysphasia, dysarthria and dysphagia. She returned to this country.
Nothing conclusive having been established, she was referred to Dr John Walters who reported: 'The possibility of a parasitic granuloma arisesin her case this seems to be limited to schistosoma or Toxocara canis. Another remote possibility is meningeal invasion by a systemic mycosis, histoplasma, blastomycosis, and coccidioidomycosis. Granulomata or brucellosis might be considered. I am sure that filarial diseases, all forms of hydatid disease, flukes other than Schistosoma mansoni and metastatic amebiasis can be excluded.' Stools were examined for parasites and antibody studies for schistosoma and toxocara were undertaken.
Skin sensitivity tests for toxocara proved positive. Biopsy had been considered often, but on each occasion almost coincident recession of the disorder took place.
A full course of treatment by diethylcarbamazine was undertaken, but without benefit. After a short interval a second course was given together with prednisone. At last some undoubted improvement became apparent. Her CSF improved. She began to make good progress and returned home.
Ocular Lesions in Toxocara
The larval form of toxocara appears to have some particular affinity for the eye. It forms a white granuloma in the region of the macula or between the macula and the optic disc margin. This granuloma has even been referred to as a pseudoglioma and has been mistaken for retinoblastoma on a number of occasions, resulting in unnecessary loss of the affected eyes (Hogan & Zimmerman 1962) .
In some American investigations toxocara has been determined as a serious cause of blindness in children (Wilder 1950) .
Generally the disease affects young children and is especially likely to arise in children with the peculiar tendency to dirt-eating (geophagia). The ova of Toxocara canis or cati live for twelve months or more in dust or dirt.
Where children in a certain region have been so afflicted very careful inquiries have been made into the domestic animals kept by the families, and domiciles have been thoroughly investigated for ova in the dust. One report is of a home where three young pets were kept, two kittens and a puppy. One of the kittens was found to excrete ova of toxocara. The baby, one of three children all of whom had blood eosinophilia, was found to be a dirt-eater. What was even more strange was that this child would eat dirt from places where the kittens were prone to evacuate, but not where the puppy relieved itself.
Diagnosis in Dispute
In 3 patients with acute florid papilloedema, little or no proptosis, and no radiographic changes, the problem of the etiology has bewildered my colleagues and myself. Retrobulbar neuritis and vascular thrombosis having been excluded, the probability of tumour of the optic nerve has gained precedence. So strongly did my ophthalmological colleagues feel about this that they have pressed for exploration of the nerve. Moreover, it was agreed that the operations would be co-operative procedures, for sacrifice of the optic nerve would surely be required. This being an irrevocable step, absolute assurance of its justification must be forthcoming. In order to undertake such a measure one must hold a firm belief that the abolition of vision is only an anticipation of the outcome should these drastic measures be withheld. Excision of the whole nerve was carried out. Serial sections of the nerve were cut and stained, yet no explanation of the clinical state has been found. One wonders if parasites can be excluded altogether as the causative agent.
HYDATID CYSTS OF THE BRAIN
In envisaging the ravages of the Echinococcus granulosus, the other disorders we have considered may pale in their significance. Fortunately in this country we are spared any serious incidence of the disease although an occasional case may appear. The regular circumstances for hydatidosis are to be found in sheep-rearing lands such as Australia, New Zealand and the Argentine, though the incidence is high in other parts of the world, e.g. Iceland and the Middle East.
The fact that two intermediate hosts are involved in the cycle between animal and man is a matter of special interest, for both herbivorous and carnivorous intermediaries take part in the transference. Man, however, is probably an accidental host.
The age incidence of the disease is between 10 and 50 years, the peak period being the third decade, and of 20 cases, 3 were over 21 (Robinson 1959 (Robinson , 1960 . The disease is thought to be contracted in childhood. The rate of growth of the cyst is of interest after about five months it is about 1 cm in diameter. It enlarges 1-2 cm in diameter per year, but a period of about five years passes before its existence becomes manifest. From these data, it is not to be expected that cases would appear before the age of 10. Antone Tarazi, the neurosurgeon in Jordan, told me of a child of 3 years old on whom he had operated for a hydatid cyst of the brain.
My youngest patient was 81 years old, but the cyst was in the orbit; consequently it had not reached the size needed to draw attention to the presence of one in the brain.
Distribution within the Body and the Brain Hydatid cysts are known to occur in almost all parts of the body, though the liver and lungs are the only organs to be involved frequently: liver 63%, lung 24 5%.
The bones and the brain are affected in a proportion of cases, with a slightly greater incidence in the bones (1-0% and 0 9% respectively). Of the bony hydatids, one-half involve the spinal column (Dew 1928) .
The right side of the brain is much more commonly affected than the left. Of 20 cases, 14 affected the parieto-occipital region, 3 frontal, one posterior fossa; in 15 out of 17 cases the lesion was on the right side (Robinson 1960). Strangely enough, the right and left lungs seem to be implicated in like fashion. The explanation of these facts has not been determined but it is supposed that the anatomical conformation of the blood supply is important.
The temporal or temporoparietal region is the site most commonly involved; next comes the frontal lobe. Very occasionally the posterior fossa is affected.
Hydatid cyst of the brain is commonly single. Usually it encroaches on the surface of the brain. It is said never to be more than 2 cm from the surface. Multiple cysts do occur from time to time, but head injury seems to be responsible for this.
Recurrence after surgical treatment is responsible for some cases, usually within two years of operation, but such recurrence is by no means inevitable. That more than one primary cyst can appear is undoubted for it is possible to find that both cerebral hemispheres contain cysts. One of my patients had several cysts distributed over both hemispheres.
One might have thought that cysts would be found frequently in more than one part of the body. Yet it is most unusual for another cyst to be found elsewhere. One of my few cases had a cyst in the right lung (Fig 4) .
Intracranial hydatids are generally within the brain though extradural cysts have been described in the posterior fossa. In one of my patients the cerebellum was the site of the disorder. Moreover the cyst was placed rather deeply. That the cyst was of a parasitic nature was proved by the histological examination, for a germinal layer with a scolex and well-formed hooklets was found.
Diagnosis
Whenever a patient of appropriate age and from a hydatid-disposed region appears, in whom a high state of intracranial pressure presents without marked evidence of local physiological dysfunction, the possibility of a hydatid cyst should come to mind. Steps should be taken to confirm the pathology. One has to remember that in the case of an uncomplicated hydatid cyst of the brain such a test as the Casoni is of very little consequence if negative. Robinson (1960) states that only 2 cases in 9 will be accompanied by a positive Casoni reaction. In my limited experience of hydatid disease, I have had 3 patients in whom a positive Casoni test has appeared; two had multiple cysts in the brain, the other had a cyst in the lungs in addition. In the last case, the test was declared 'positive' in the country of origin, and 'negative' when the test was undertaken in this country.
Symptomatology: The patient commonly portrays evidence of increased intracranial pressure by headache, vomiting and papillkedema. Hemiparesis may be present but is usually of a lesser degree. Gross paralysis is unusual. As the temporal or temporoparietal cyst is much the most common, homonymous hemianopia is a relatively common finding. Patients may have convulsive attacks of a Jacksonian character, or generalized epileptiform episodes, but these are by no means invariable.
Plain radiographic studies in young patients show evidence of generalized increase of pressure by thinning of the calvarium and distended sutures. The outline of a large cyst can be seen sometimes because of indentation of the bone.
Contrast radiographic investigation will be required for accurate localization and an estimate of the size of the lesion. Ventriculography is to be avoided as the tapping of a hydatid cyst may well determine the formation of secondary cysts (Fig   2A, B) .
I regret to say that in my early experiences, when the diagnosis was not suspected, I have employed ventriculography. The radiographic findings were not always conclusive, as in a case of multiple cerebral cysts. Nowadays, as we are keenly on the alert for such disorders, no initial form of contrast study other than angiography would be contemplated (Fig 3A, B) .
Pathological investigations: Innumerable forms of investigation have been recommended. Liver function tests are important in generalized infestation with involvement of the liver. More indicative pathological phenomena apply to specific forms of parasites. There are occasions when the pathological data leave one in little or no doubt of the diagnosis. Usually, however, an aspect of uncertainty pervades. Certainly a negative Casoni test could not mean that one would exclude hydatid disease.
Complement fixation and skin sensitivity investigations appear to hold conviction. Where skin sensitivity is positive in toxocara, and hypergammaglobulinsemia occurs, one would be convinced. Eosinophilia would confirm the impression.
Pleocytosis in the CSF together with a high percentage of eosinophils would be firm support. This was a prominent feature in two cases of schistosoma of the spinal cord that I have seen.
The isolation of ova from a suspected source would be conclusive.
Obviously, calcification of larva or of an actual worm can be conclusive and can establish the type of the causative parasite.
